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0 A fuel nozzle for a turbine having dual capability for diffusion and prembc combustion and methods of 
operation. 



0 The fuel nozzle includes an annular chamber 
defined between a housing and a central tube. 
At the downstream end of the tube, inner and 
outer swiriers are provided in communication 
with the upstream chamber and a combustion 
2 ^ne downstream of the swiriers. When fuel gas 
is supplied the inner swirier, a portion of the air 
flowing through the chamber mixes in the inner 
swirier with the supplied fuel for holding a 
diffusion flame in a downstream diffusion mix- 
ing cup. The balance of the air flowing through 
the chamber through the outer swirier is segre- 
gated from the air supplied the inner swirier by 
a circumferentially extending splitter vane. At 
an upstream portion of the chamber a plurality 
of spokes pass into the chamber for supplying 
fuel gas to the chamber when the nozzle oper- 
ates in a prembc combustion mode. When 
operating in a prembc combustion mode, fuel 
gas is cut off from the inner swirier and supplied 
to the spokes. The fuel and air are mbced in the 
chamber and pass through both the inner and 
outer swiriers, forming a prembc flame front 
within a downstream premix cxjp in the combus- 
tion zone. 
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The present invention relates to a fuel nozzle for 
a turbine which has a dual capability fordiffusion and 
prembc combustion. 

As well known, the primary air polluting emis- 
sions usually produced by gas turbines burning con- 
ventional hydrocarbon fuels are oxides of nitrogen, 
carbon monoxide and unburned hydrocarbons. Also 
well known is the fact that oxidation of molecular ni- 
trogen In air-breathing engines is highly dependent 
upon the maximum hot gas temperature in the com- 
bustion system reaction zone. As temperature rises, 
for example, in the combustor, the rate of chemical re- 
actions forming oxides of nitrogen increase exponen- 
tially. However, if the temperature of the combustion 
chamber hot gas is controlled to a lower level, thermal 
NOx will be produced at very low rates. 

One method of controlling the temperature of the 
reaction zone of a combustor at levels at which mini- 
mal thermal NOx Is formed is to premix fuel and a^ to 
a lean mixture prior to combustion. The thermal mass 
of the excess air present in the reaction zone of a lean 
premix combustor absorbs heat and reduces the tem- 
perature rise of the products of combustion to a level 
where minimal NOx is formed. One problem associat- 
ed with prembc combustion is that the fuel/air mbcture 
strength must be reduced to a level dose to the lean 
flammability limit for most hydrocarbon fuels. As a 
consequence, lean prembced combustors tend to be 
less stable than nK>re conventional diffusion flame 
combustors and do not provide adequate turndown 
for operation over the entire load range of the turbine. 
It is highly desirable to obtain the best possible emis- 
sions performance over the entire gas turbine oper- 
ating range from ignition through mid-load while burn- 
ing a diffuston flame, and mid-load to full load while 
burning a prembc flame. 

Burners with diffusion and prembc capability for 
heavy duty industrial gas turbines are known. For ex- 
ample. in prior combustors of that type, all of the air 
brought into the prembc chamber is used for both dif- 
fusion and prembc combustion modes. Thus, while 
the a\f supply may be optirral for prembced combus- 
tion mode, the injection of fuel for the diffusion cotn- 
bustion mode Into the same total air supplied the pre- 
mbc chamber, simply made the diffusion flame perfor- 
mance non-optimal, e.g., lackof stability of the flame. 
Other prior combustors employ two separate passag- 
es for supplying air in prembc and diffusion cx>mbus- 
tlon modes. Where swirlers have been used, to appli- 
cant’s knowledge, they have not been swirlers having 
aerodynamic vanes but, rather, flat vanes which can- 
not be used for flowing air through the air passage for 
diffusion and prembc combustion modes. Thus, two 
very separate and distinct passages were previously 
used for prembc and diffusion combustion nodes 
and, accordingly, a richer fuel/atr ratio in a prembc 
mode and higher NOx resulted. Further, older conv 
bustors employed two distinct air inlets at axially 



spaced positions along the combustor to achieve dif- 
fusion and prembc combustion modes. 

in acxordanco with the present invention, there is 
provided a liquid and gas fuel nozzle for diffusion 
5 node combustion combined within a fuel injector 
whic^h prembces fu^ and air for low emissions conv 
bustion in the prembc mode. An embodiment provides 
a fuel injecrtor for diffusion combustion mode induct- 
ing an inner swirler shrouded by a vane which con- 
10 trols the fuel/air ratto and provides a protected region 
just downstream of the diffusion gas injec:tion ports 
yet, becouse of the aerodynamic design of the swirler 
and the presence of the splitter vane, renders the flow 
passage suitable as part of the prembc flame holder. 
15 An outer swirler surrounds the inner swirler and both 
are In communic^atlon with an upstream c^hamber to 
which air from a source, e.g., turbine compressor dis- 
charge, air is supplied. The splitter vane thus reduces 
the air supplied to the inner diffusion swirler to cn!y 
20 a portion of the total air supplied the c:hamber and 
passing through the inner and outer swirlers. Thus, 
when fuel is injected into the air passing through the 
inner swirler, the gas/air mbcture in the inner swirler 
establishes a stabilized diffusion flame in a diffusion 
25 mbcing cup downstream C3f the swirlers. By having a 
dedicated diffusion passage, that is, the inner swirler, 
and whic^h passage is not suitable as a prembc burner 
perse, the amount of the total air available for prembc- 
ing in the inner swirler is limited and, consequently, 
30 optimum achievable emissions levels of NOx, CO and 
UNO’s are obtained from the combustor in the diffu- 
sion combustion mode. 

As the turbine is loaded, a stable prembc flame 
c:an be supported. At that time, the gas fuel supply is 
35 switched from supplying gas directly to the flow of air 

passing through the inner swirler to an upstream por- 
tion of the chamber. Consequently, air and fuel is pre- 
mbced in the chamber and that fuel/air mbcture is sup- 
plied through both the inner and outer swirlers for sta- 
40 bilization downstream in a prembc cup in a recircxjla- 
tion zone. 

Consequently, in the prembc combustion mode, 
the totality of the air supplied the chamber is mbced 
with the fuel and that fuel/air mbcture flows through 
45 both the inner and outer swirlers. In the diffusion 
combustion mode, only a portion of the total air flow 
through the c^hamber, i.e., the portion flowing through 
the inner swirler, is mbced with fuel and provides the 
fuel/air ratio suitable for stabilizing a diffusion flame. 
50 The balance of the air passing through the chamber, 
i.e., through the outer swirler, is prevented from hav- 
ing effect on the diffusion flame by the splitter vane. 

In a preferred embodiment according to the pres- 
ent invention, there Is provided a nozzle fordiffusion 
55 and prembc modes of combustion in a combustor fcx* 
a turbine, comprising a nozzle body having an axis 
and defining a chamber about the axis, the c:hamber 
having an upstream portion for recoiving air from an 
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upstream air source and a downstream portion, in- 
cluding radially spaced, annular inner and outer swir- 
lers about the axis, each swirier having a plurality of 
shaped aerodynamic vanes for imparting a swirl to air 
flowing through the chamber and passing through the 
aerodynamic vanes. A generally annular vane is dis- 
posed between the inner and outer swirlers for sep- 
arating the flow through the swirlers, with a first fuel 
supply conduit for supplying fuel for mixing substan- 
tially solely with the air flowing through the inner swir- 
ier, thereby providing a fuel/air mixture for diffusion 
combustion and a second fuel supply conduit sup- 
plies fuel to the chamber upstream of the swirlers for 
mixing with air In the chamber to form a fuel/air mbc- 
ture in the chamber for flow thereof through the inner 
and outer swirlers for prembced combustion. 

In a further preferred embodiment according to 
the present invention, there is provided a method of 
operating a coitibustorfor a turbine wherein the com- 
bustor includes a nozzle body having an axis, a cham- 
ber about the axis and inner and outer swirlers adja- 
cent a downstream portion of the chamber, the steps 
of supplying air to the chamber for flow downstream 
through the swirlers, separating the air flow through 
the swirlers into first and second discrete flows 
through the inner and outer swirlers, respectively, 
supplying fuel for mixing substantially solely with the 
iitsi air flow through the inner swirier to provide a 
fuel/air mixture for stabilizing diffusion combustion 
downstream of the swirlers using only a portion of the 
air supplied to the chamber and supplying fuel to the 
chamber for mixing with the air flow therethrough to 
form a fuel/air mixture for operation in a premix com- 
bustion mode using a totality of the air supplied to the 
chamber. 

Accordingly, it is a primary object of the present 
invention to combine the operating characteristics of 
a diffusion flame combustor with the low emteslons 
capability of a lean prembced cx>mbustor and thereby 
provide a combustion system having dual prembc and 
diffusion cx>mbustion capability and therefore funo 
tional over the entire operating range of the turbine, 
yet providing extremely low emissions of air pollu- 
tants in the gas turbine exhaust over its operating 
range. By judicious use of the availabie air for mixing 
with the fuel, the emissions capability of the combus- 
tor over the entire operating range is thus optimized. 

An embodiment of the Invention will now be de- 
sc^bed, by way of example only, with reference to the 
accompanying drawings of which: 

FIGURE i is a schematic illustration of a dual ca- 
pability combustor for diffusion and prembc conv 
bustion modes according to the present inven- 
tion; and 

FIGURES 2 and 3 are cross-sectional views 
thereof taken generally about on lines 2-2 and 3- 
3 in Figure 1. 



BEST MODE FOR CARRYING OUT THE 
INVENTION 

Referring now to Figure 1, there is provided a 
5 combustor, generally designated 10, comprised of a 
nozzle body including an inner tube 12 serving as a 
high pressure liquid fuel nozzle spaced inwardly from 
and surrounded by a central tube 14 defining an an- 
nular chamber 16 between tubes 12and 14. The noz- 
10 zie body includes an outer housing 17 and inner and 
outer swirlers 18 and 20, respectively, between the 
tube 14 and housing 17 adjacent the tip of tube 14. 
For reasons discussed hereafter, the inner and outer 
swirlers are separated by a circumferentially extend- 
15 ing cx)ntinuous cylindrical splitter vane 22. Upstream 
of the swirier vanes 18 and 20 and between the tube 
14 and housing 17, there is an annular chamber 23 
which, at its upstream end, is supplied with air from 
a suitable source, such as a compressor dischai^e. 
20 Thus, the air flowing through chamber 23 Is split by 
the vane 22 for flow in part through the inner swirier 
1 8 and in the remaining part, through the outer swirier 
20. Note that the outer swirier is axially elongated to- 
ward the downstream portion of the nozzle with the 
25 splitter vane being cx>extensive in axial length with the 
outer swirier 20. 

In this embodiment, the inner and outer swirlers 
are comprised of a plurality of generally radially ex- 
tending, shaped, aerodynamic vanes 24 and 26. re- 
do spectively, circumferentially spaced one from the 
other. That is, the swirier vanes are not flat as In con- 
ventional swirlers but, rather, are shaped such that 
the airflow or fuel/air mbcture^ as apparent from this 
description, does not separate from the vanes as ro- 
ds tation is imparted to the air or fuel/air mbcture flowing 
through the vanes. That Is, there are no regions of 
flow separation from the vanes at axial locations 
along the vanes. Consequently, recirculation zones 
are inhibited from forming along the axial length of the 
40 aerodynamic vanes and any vortex separation or 
breakdown occurs downstream of the swirier vanes. 
The interior surface of the cylindrical vane 22, togeth- 
erwith the trailing edges of the inner swirlervanes 24, 
define a diffusion mixing cup. Also, downstream of 
45 the outer swirier vanes 20 and vane 22, the housing 
1 7 defines a premix cup 28. 

Between the tubes 12 and 14, there is provided 
a high pressure gas fuel diffusion manifold formed by 
the annular chamber 16 which is supplied with gas 
50 from a source 29 for flow through a valve 30 and a gas 

supply line 32. Apertures 34 are formed adjacent the 
tip of tu be 1 2 for flowing the gaseous fuel into the air 
flowing between the vanes 24 of the inner swirier 1 8. 
Additionally, gas fuel may be supplied from supply 29 
55 by way of valve 30 and supply line 36 through a pre- 
mix manifold 38 for flow into a plurality of circumfor- 
entially spaced spokes 40. Spokes 40 are located at 
the upstream portion of the chamber 23 and In the 
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of NOx emissions at mid to high load operating range 
of the turbine. 

While the invention has been described in con- 
nection with what is presently considered to be the 
5 most practical and preferred embodiment. It is to be 
understood that the invention is not to be limited to the 
dtedosed embodiment but on the contrary, is intend- 
ed to cover various modifications and equivalent ar- 
rangements included within the scope of the append- 
10 ed claims. 



Claims 

15 1. A nozzle for diffusion and premix modes of com- 

bustion In a combustorfor a turbine, comprising: 
a nozzle body having an axis and defining 
a chamber about said axis, sakJ chamber having 
an upstream portion for receiving air from an up- 
20 stream air source and a downstream portion, in- 

cluding radially spaced, annular Inner and outer 
swirlers about said axis, each swirler having a 
plurality of shaped aerodynamic vanes for im- 
parting a swirl to air flowing through said chanv 
25 ber and passing through said aerodynamic 

vanes; 

a generally annular vane disposed be- 
tween said innerand outer swirlers for separating 
the flow through said swirlers; 

30 a first fuel supply conduit for supplying 

fuel for mixing substantially solely with the air 
flowing through said inner swirler, thereby provid- 
ing a fuel/air mbcture for diffusion combustion; 
and 

35 a second fuel supply conduit for supplying 

fuel to said chamber upstream of said swirlers for 
mixing with air In said chamber to form a fuel/air 
mixture In said chamber for flow thereof through 
said inner and outer swirlers for premixed com- 
40 bustion. 



path of the incoming compressor discharge air. Radial 
or axial apertures or both radial and axial apertures 
42 and 44, respectively, are provided each of the 
spokes 40 for supplying fuel from the manifold 38 into 
the chamber 23 where the fuel and air are mixed. It 
will be appreciated that the valve 30 supplies gaseous 
fuel to one or the other of the supply lines 32 and 36, 
or both simultaneously. Accordingly, fuel can be sup- 
plied to the nozzle either through the apertures 34 
into the inner swirler for mbcing with air in a diffusion 
combustion mode, or through the apertures In the 
spokes 40 for mbdng with the air in chamber 23 in a 
premix combustion mode, or the fuel can be supplied 
to both apertures 34 and the apertures in spokes 40 
simultaneously. 

In using the nozzle, the valve 30 is turned at start- 
up to supply fuel gas through supply line 32, manifold 
16 and apertures 34 into the air flowing through the 
inner swirler 18. It will be appreciated that the air is 
supplied from the air source by way of chamber 23 
and, hence, only a portion of the air in chamber 23 is 
supplied the inner swirler 18 for mixing with the fuel 
gas supplied via apertures 34. This combined diffu- 
sion f uei/air mixture exits the diffusion swirler 1 8 and 
enters a diffusion mixing cup 22. The swirling flow In- 
duces a recirculation zone along the centerline of the 
diffusion flame mixing cup 22 which causes hot gas 
to be drawn back from the combustor reaction zone 
and anchors the flame front within the diffusion flame 
mixing cup 22. The portion of the air flowing through 
the outer swirler 20 Is separated from the fuel/air mbc- 
ture exiting the inner swirler 18 by the splitter vane 
22. Thus, reduced air, i.e., a fraction of the total air 
supplied chamber 24, is supplied to the inner swirler 
18. This Is optimum for the diffusion combustion 
mode and the fiame produces optimum achievable 
NOx, CO and UHC emissions levels in that mode. 

In a prembc combustion mode, the valve 30 is 
turned to cut off the supply of gas fuel via line 32 and 
to supply gas fuel via line 36 to the spokes 40 and 
through the apertures Into the air In the chamber 23. 
Thus, the fuel Is distributed by the spokes 40 for mbc- 
ing with the entirety of the air supplied chamber 23. 
The fuel/air mbcture in the prembc combustion mode 
enters both inner and outer swirlers 18 and 20. The 
aerodynamic vanes within the Inner and outer swir- 
lers accelerate the flow to a high velocity swirl which 
prevents flashback of ccxnbustion from the reaction 
zone into chamber 23 now serving as the prembc 
chamber. The rotation of the prembced flow exiting the 
swirlers causes a central recirculation flow of hot gas- 
es from the combustion chamber into the prembc cup 
28, hence stabilizing the prembc flame front within the 
prembc cup. Consequently, It will be appreciated that 
the entirety of the air flowing into the chamber 23 from 
the compressor discharge is used for mbcing with the 
fuel exiting the spokes. Thus, a lean fuel/air ratio In 
the prembc mode is obtained, hence reducing the level 



2. A nozzle according to Claim 1 wherein said sec- 
ond fuel supply conduit includes a plurality of 
generally radially extending circumferentially 
45 spaced spokes in said chamber, each spoke hav- 

ing at least one aperture for supplying fuel Into 
said chamber. 



3. A nozzle acxxDrding to Claim 1 wherein said noz- 

50 zie body Includes a central tube, said inner swir- 

lers being carried by said central tube adjacent 
an end thereof and extending radially outwardly 
thereof, said central tube including apertures 
forming part of said first fuel supply cx>nduit for 

55 supplying fuel to said inner swirlers. 

4. A nozzle acxx>rding to Claim 1 wherein down- 
stream edges of said inner swirler vanes termln- 
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ate short of downstream edges of said outer swir- 
ler vanes, said annular vane extending down- 
stream of said inner swirler vanes and terminat- 
ing substantially coextensively with the down- 
stream edges of said outer s^rier^anesr^ - — 

5. A nozzle according to Claim 1 including means for 
supplying fuel to said first and second fuel supply 
conduits for aiternately supplying fuel to said in- 
ner swirler and said chamber. 

6. A nozzle according to Ciaim 1 including a diffu- 
sion flame cup downstream of said inner swirler. 



fusion combustion downstream of said swirlers 
using only a portion of the air supplied to the 
chamber; and 

supplying fuel to said chamber for mbdng 
—with the air flow therethrough to form a fuej/air 
mbcture for operation in a prembc combustion 
mode using a totality of the air supplied to the 
chamber. 

10 12. A method according to Claim 11 including alter- 

nating the supply of fuel to the inner swirler and 
the chamber to alternate between diffusion and 
premix combustion modes. 



7. A nozzle according to Claim 1 including a prembc 
flame cup downstream of said outer swirler. 



8. A nozzle according to Claim 1 wherein said seo- 
ojid fuel supply^condult includes a plurality of 
generally radially extending circumferentially 
spaced spokes in said chamber, each spoke hav- 
ing at least one aperture for supplying fuel into 
said chamber, said nozzle body Including a cen- 
tral tube, said inner swirlers being carried by said 
central tube adjacent an end thereof and extenci- 
ing radially outwardly thereof, said central tube 
including apertures forming part of said first fuel 
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swirlers. 



9. A nozzle accx>rding to Claim 8 wherein down- 
stream edges of said inner swirler vanes termin- 
ate short of downstream edges of said outer swir- 
ler vanes, said annular vane extending down- 
stream of said inner swirler vanes and terminat- 
ing substantially coextensively with the down- 
stream edges of said outer swirler vanes. 



IS 13. AmethcxJ according to Claim 11 wherein the step 
of supplying fuel for mixing solely with the first air 
flow includes supplying fuel directly into the inner 
swirler. 

20 14. A method acx:ordlng to Claim 11 wherein the step 

of supplying fuel to the chamber includes first di- 
recting fuel in a radially outwardly direction for 
mbcing with the airflowing axially in said chamber. 

25 15. A method according to Claim 11 including alter- 

nating the supply of fuel to the inner swirler and 
the chamber to alternate between diffusion and 
piemb( combustion modes, the step of supplying 
fuel for mbcing solely with the first air flow indud- 

30 ing supplying fuel directly into the inner swirler 

and the step Of supplying fuel to the chamber In- 
cludes first direc^ting fuel In a radially outwardly 
direction for mixing with the air flowing axially in 
said chamber. 

35 



1 0. A nozzle according to Claim 9 induding means for 
supplying fuel to said first and second fuel supply 40 
(x>nduits for alternately supplying fuel to said in- 
ner swirler and said chamber, a diffusion flame 

cup downstream of said inner swirler and a pre- 
mbc flame cup downstream of said outer swirler. 

45 

11. In a method of operating a combustor for a tur- 

bine wherein the cxmibustor includes a nozzle 
body having an axis, a chamber about said axis 
and inner and outer swirlers adjacent a down- 
stream portion of the chamber, the steps of: so 

supplying air to the chamber for flow 
downstream through the swirlers; 

separating the air flow through the swir- 
lers into first and second discrete flows through 
said inner and outer swirlers, respectively; ss 

supplying fuel for mbcing substantially 
solely with the first air flow through the inner swir- 
ler to provide a fuel/air mbcture for stabilizing dif- 
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(54) A fuel nozzle for a turbine having dual capability for diffusion and premix combustion and 
methods of operation 



(57) The fuel nozzle includes an annular chamber 

(23) defined between a housing (17) and a central tube 
(14). At the downstream end of the tube, inner (24) and 
outer (26) swirlers are provided in communication with 
the upstream chamber and a combustion zone down- 
stream of the swirlers. When fuel gas Is supplied-to the 
Inner swirler, a portion of the air flowing through the 
chamber mixes in the inner swirler with the supplied fuel 
for holding a diffusion flame in a downstream diffusion 
mixing cup (28). The balance of the air flowing through 
the chamber through the outer swirler is segregated 



from the air supplied the inner swirler by a circumferen- 
tially extending splitter vane (22). At an upstream portion 
of the chamber a plurality of spokes (40) pass into the 
chamber for supplying fuel gas to the chamber when the 
nozzle operates in a premix combustion mode. When 
operating in a premix combustion mode, fuel gas is cut 
off from the inner swirler and supplied to the spokes. 
The fuel and air are mixed in the chamber and pass 
through both the Inner and outer swirlers, forming a 
premix flame front within a downstream premix cup in 
the combustion zone. 
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